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(g) Servo control system for disk player. 

(57) A servo control system for a shock-proof disk 
player comprising a digital signal processor 
(10), a voltage-controlled oscillator (88), a refer- 
ence clock generator (90), a clock mode 
changeover switch (89), a phase comparator 
(92) for controlling a head-rotating spindle 
motor (2), and a bulk memory (23) of a large 
capacity for storage of data, wherein the phase 
lock of a PLL at the time of a seek is switched on 
or off under control to thereby shorten the 
required seek time. The clock signal frequency 
is selectively changed in such a manner as to 
lock the PLL in accordance with the rotation 
rate, whereby the power consumption can be 
lowered. The bulk memory (23) is used as a data 
buffer, and the servo system is controlled as the 
data are read out from the memory while the 
data quantity stored and left therein is detected, 
so that a reduction of the power consumption 
can be achieved with another advantage of 
enhancing the resistance against shock. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a disk player for 
reproducing recorded audio data from a digital audio 
disk such as CD (Compact Disc) or MD (Mini Disc) 
(hereinafter referred to as disk), and more particularly 
to a disk player wherein the audio data reproduced 
from a disk are once stored in a bulk memory of a 
large capacity and then are read out therefrom to be 
outputted. And the invention further relates to a servo 
system for use in such a disk player. 

In disk players inclusive of CD players, there is 
known a shock-proof type the construction of which 
is so contrived that, when any track jump is caused 
during reproduction of recorded data due to some ex- 
ternal disturbance such as shock, the continuity of 
the reproduced data is maintained to prevent occur- 
rence of any sound skip. 

Here, "track jump" signifies a phenomenon that 
a data-reading light spot of an optical pickup for read- 
ing out the recorded data while following up a record 
track (pit string) on a disk jumps the record track. 

In an ordinary CD player, a data rate for reproduc- 
tion of the recorded data from a disk (hereinafter re- 
ferred to as reproduction data rate) is equal to a data 
rate for outputting the audio data (hereinafter referred 
to as output data rate). 

However, in any conventional shock-proof type 
CD player, a disk is driven at a higher rotation speed 
which is twice the normal speed in an ordinary CD 
player, so that the data are read at a reproduction data 
rate higher than that in the ordinary CD player and, 
while the read data thus obtained are stored tempor- 
arily in a bulk memory of a large capacity, the stored 
data are read from the bulk memory at the same out- 
put data rate as in the ordinary CD player. 

And when there occurs a track jump during data 
reproduction, the data-reading light spot of the optical 
pickup is returned to the position immediately before 
occurrence of such a track jump, and the data repro- 
duction is resumed from that position while the repro- 
duced audio data obtained after resumption of the re- 
production are linked, by utilizing the stored data in 
the bulk memory, to the preceding audio data repro- 
duced immediately before occurrence of the track 
jump, whereby the continuity of the reproduced audio 
data is maintained to consequently prevent genera- 
tion of any sound skip. 

Furthermore, in the known construction where 
the normal rotation speed of a disk is twice the veloc- 
ity in an ordinary CD player, each of servo systems 
for focus, tracking, sled and spindle control is kept in 
operation, and when the data quantity stored in the 
bulk memory has exceeded a preset value, the result 
of monitoring the stored data quantity is detected as 
an overflow, and then a reverse jump of, e.g., one 
track is repeated in a standby state. 

As described, in the conventional shock-proof 



type CD player of the above construction, a disk is 
normally driven to rotate at a high speed and each 
servo system is kept in operation, so that the power 
consumption is naturally increased, and this problem 
5 is considered to be a disadvantage particularly in a 
portable CD player where low power consumption is 
requisite. 

There is known another shock-proof CD player 
proposed by the present applicant (as disclosed in 

10 Japanese Patent Laid-open No. Hei 4 (1992)- 
268249), wherein a disk rotation rate is changed to a 
double speed (high speed mode) only in response to 
occurrence of a track jump caused by some external 
disturbance such as shock, and storage of data into 

15 a bulk memory of a large capacity is performed fast, 
but the disk is driven at a regular speed (low speed 
mode) in any other case to consequently realize a re- 
duction of the power consumption. 

In the above shock-proof CD player, when a ser- 

20 vo circuit for controlling the rotation of a disk-driving 
spindle motor switches the driving operation from a 
low speed mode to a high speed mode or vice versa, 
the frequency division ratio of a clock signal used as 
a reference for speed control is gradually changed, 

25 and pitch control is executed with respect to the per- 
iod of such clock signal to thereby produce a frequen- 
cy error signal, and the rotation speed of the spindle 
motor is controlled in accordance with the frequency 
error signal thus obtained. 

30 As mentioned, in the conventional rotation servo 

circuit which executes pitch control with respect to the 
period of a clock signal serving as a reference for 
speed control, ideal speed control is achievable on 
the one hand, but due to the necessity of employing 

35 a voltage-controlled oscillator (VCO) and a phase- 
locked loop (PLL) circuit, there exist some problems 
including that the circuit configuration is complicated 
and the production cost is raised. 

The spindle (rotation) servo system adopted in 

40 the above known example has a rotation servo circuit 
which comprises a rough servo system for pulling the 
disk rotation speed approximately into a desired pre- 
cision range and a phase lock servo system for attain- 
ing a higher precision after the control action of the 

45 rough servo system. This phase lock servo system 
has a secondary loop structure which consists of a 
phase loop for executing a phase locking control in 
accordance with the phase difference between a re- 
produced sync signal and a reference sync signal, 

so and a speed loop for measuring the period of a repro- 
duced frame sync signal obtained from the disk and 
equalizing the frequency thereof to a reference fre- 
quency of 7.35 kHz. Meanwhile the rough servo sys- 
tem has a primary loop structure which extracts the 

55 lowest-frequency component of the reproduced sig- 
nal and equalizes thefrequency of the extracted com- 
ponent to the reference frequency. 

In the control action of the rotation servo circuit, 
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first the disk rotation speed is pulled approximately 
into the desired precision range by the rough servo 
system. 

As a result, the phase-locked loop (PLL) of the 
phase lock servo system is locked to attain a state 5 
where data is reproducible from the disk. When the 
PLL is thus locked, the primary-loop rough servo sys- 
tem is switched to the secondary-loop phase lock ser- 
vo system. 

However, in the conventional rotation servo cir- 10 
cuit of the above-described construction, there arises 
a problem that a phase-locked state is not held at the 
moment the rough servo system is switched over to 
the phase lock servo system, although the disk rota- 
tion speed is substantially kept stable. And in an ex- 15 
emplary case where the frame jitter margin is set to 
±27 frames and the existing deviation is a maximum 
of 27 frames, it follows that such state is forcibly 
pulled into synchronism to consequently cause a dis- 
order in the rotation speed at this moment, whereby 20 
the PLL is induced to be out of phase. 

If the PLL is rendered out of phase in this manner, 
it is impossible to read each subcode recorded as an 
index for the data on a disk. Therefore, an operation 
of reading the subcode becomes possible posterior to 25 
the lapse of a fixed time which is required until the 
disk rotation speed is stabilized after the rough servo 
system is switched to the phase lock servo system. 

In a seek operation for relocating an optical pick- 
up to a desired address position (target address pos- 30 
ition) on a disk, as shown in Fig. 1, there are per- 
formed a series of operations of first switching the 
phase lock servo system to the rough servo system, 
then replacing the pickup in the radial direction of the 
disk by a distance corresponding to a required num- 35 
ber of tracks, subsequently switching the rough servo 
system to the phase lock servo system after the disk 
rotation speed has reached, approximately, its regu- 
lar linear velocity, and reading the subcode from the 
disk. The above operations are repeated until the 40 
pickup has arrived at the target address position. 

Therefore, if the disk rotation speed is disordered 
at the moment of switching the rough servo system to 
the phase lock servo system as described, a speed 
disorder is caused at each time of the repeated oper- 45 
ations of switching from the rough servo system to the 
phase lock servo system during the seek, whereby 
the time required for reading out the subcode is pro- 
longed to eventually fail in shortening the seek time. 

Particularly in reproduction of data from a CD- so 
ROM or the like where a fast seek is necessary, any 
disorder of the disk rotation speed causes a waste of 
time in reading out the subcode, hence raising an im- 
portant problem in realizing fast seek. 

55 

OBJECTS AND SUMMARY OF THE INVENTION 
It is a first object of the present invention to pro- 



vide a disk player which is adapted to achieve low 
power consumption and is capable of maintaining the 
continuity of reproduced data despite occurrence of 
any track jump. 

A second object of the present invention resides 
in providing a rotation servo circuit adapted for real- 
izing low power consumption in and low cost produc- 
tion of a shock-proof disk player. 

And a third object of the present invention is to 
provide a rotation servo circuit for use in a disk player 
where a subcode can be read from a disk at the time 
of switching from a rough servo system to a phase 
lock servo system to thereby attain a great reduction 
of a seek time. 

In the disk player of the above construction, a 
disk is played while being rotated at a higher speed 
(e.g., 4-fold speed) than a normal or regular speed, 
and the data reproduced from the disk are stored in 
a bulk memory of a large capacity, while the stored 
data are read out successively from the memory at a 
normal output data rate. 

The data quantity stored in the bulk memory is 
continuously monitored, and the entire servo systems 
are turned off when the memory has become full of 
the data. In such off-state, the stored data in the bulk 
memory are successively read and outputted there- 
from. 

When the bulk memory has become substantially 
empty, the entire servo systems are turned on again, 
then the optical pickup is displaced back to the final 
read position corresponding to the preceding turn-off 
of the servo systems, and the high speed reproduc- 
tion is resumed from the link point, whereby the on- 
time period of each servo system is shortened to con- 
sequently lower the power consumption. 

In the rotation servo circuit of the present inven- 
tion, for use in a shock-proof disk player employing a 
bulk memory of a large capacity, there may be pre- 
pared a high speed mode and a low speed mode for 
driving a disk, the high speed mode being selected 
only at the occurrence of a track jump to thereby re- 
alize low power consumption in the disk player. 

Also in this rotation servo circuit, two clock sig- 
nals of mutually different frequencies corresponding 
to the two driving modes are prepared as reference 
clock signals for speed control, and one of such clock 
signals of different frequencies is adequately select- 
ed to switch the driving mode. Since the structural 
requisite is merely to switch the frequency of the ref- 
erence clock signal, the circuit configuration can be 
simplified to consequently lower the production cost 
of the disk player. 

Further the rotation servo circuit of the invention 
may be contrived in such a manner that, at the time 
of switching from a rough servo system to a phase 
lock servo system in a seek, only the speed loop of 
the phase lock servo system is closed so that the 
phase lock servo system functions as a primary loop. 
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At the time of switching the servo system, the 
phase of the reproduced sync signal is somewhat dis- 
ordered, but none of forcible phase pull-in action is 
executed, whereby the rotation speed of the disk is 
kept stable. 

If the disk rotation speed is thus stable, the oper- 
ation of reading out a subcode can be performed with- 
out any problem even when some disorder of the 
phase is existent. Accordingly it becomes possible to 
read out the subcode immediately after switching the 
servo system, hence eliminating the waste of time for 
reading out the subcode to eventually shorten the re- 
quired seek time. 

In a disk player representing another aspect of 
the present invention, the frequency of the output 
from an oscillator means is controlled in accordance 
with a disk speed control signal, while the oscillation 
output is supplied as a system clock signal to a signal 
processor means. 

And the disk rotation speed is controlled on the 
basis of the phase difference between the oscillation 
output and the reference clock signal, whereby the 
system clock signal is so changed that the speed con- 
trol signal becomes zero. 

Consequently, when a play mode is selectively 
switched between 1-fold speed play and 2-fold speed 
play, the spindle servo system can be locked even 
during the transition period of the rotation speed, so 
that the data are readable during such period as well. 

In this shock-proof disk player, therefore, the 2- 
fold speed play mode is selected only at the occur- 
rence of any track jump caused by external distur- 
bance such as shock, and data charge into the bulk 
memory is performed rapidly, whereas the 1-fold 
speed play mode is selected at any other time to 
thereby realize wide reduction of the power consump- 
tion in the disk player. 

In the disk player representing a further aspect of 
the invention, the output of an oscillator means and a 
reference clock signal are frequency-divided at vari- 
able ratios, and the disk rotation speed is controlled 
in accordance with the phase difference between the 
frequency-divided outputs. Meanwhile the play mode 
is selectively settable to either 1-fold speed play or 2- 
fold speed play (or a higher multiple of speed, if de- 
sired) by adequately selecting each frequency divi- 
sion ratio. 

Also in the disk player of the invention, the output 
of the oscillator means is selected for rough control of 
the disk rotation speed, and subsequently the refer- 
ence clock signal is selected after the disk rotation 
speed is stabilized posterior to arrival thereof at a pre- 
set desired velocity, whereby signal synchronization 
can be achieved with a digital-to-analog converter to 
eventually deliver a satisfactory audio output without 
any wow or flutter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory diagram illustrating a 
seek operation in the related art 
Fig. 2 is a block diagram of a 1st embodiment of 
the present invention applied to a CD player; 
Fig. 3 graphically shows the operating character- 
istics of a servo system for explaining the opera- 
tion of the 1st embodiment of the invention; 
Fig. 4 is a block diagram representing a spindle 
servo signal processor (rotation servo circuit) 
portion of a 2nd embodiment of the present in- 
vention; 

Fig. 5 is a block diagram which represents a spe- 
cific circuit configuration of a frequency divider 
which may be employed in the rotation servo sys- 
tem of Fig. 4; 

Fig. 6 is a block diagram of a rotation servo circuit 
portion of a CD player corresponding to a 3rd em- 
bodiment of the present invention; 
Fig. 7 is an explanatory diagram illustrating a 
seek operation performed in the CD player of Fig. 
6; and 

Fig. 8 is a block diagram of a control system cor- 
responding to a 4th embodiment of the present in- 
vention applied to a shock-proof CD player. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Hereinafter some preferred embodiments of the 
present invention will be described in detail with ref- 
erence to the accompanying drawings. 

Fig. 2 is a block diagram showing a 1st embodi- 
35 ment of the present invention applied to, e.g., a CD 
player. 

In this diagram, a disk (CD) 1 is driven by a spin- 
dle motor 2, and recorded data are read from the disk 
1 by an optical pickup (hereinafter referred to simply 

40 as pickup) 3. 

It is assumed in this embodiment that the disk 1 
is rotated at a 4-fold speed higher than a normal reg- 
ular speed in an ordinary CD player. 

The pickup 3 comprises a laser diode 4; an objec- 

45 live lens 5 for converging a laser beam, which is emit- 
ted from the laser diode 4, to form a data-reading light 
spot on the signal plane of the disk 1; a polarized 
beam splitter 6 for changing the travel direction of the 
laser beam reflected from the disk 1; and a photo de- 

50 tector 7 for receiving the reflected laser beam. The 
pickup 3 is displaceable in the radial direction of the 
disk by a driving source such as a sled feed motor (not 
shown). 

The pickup 3 further comprises, although not 
55 shown, a tracking actuator for displacing the data- 
reading light spot to a record track on the disk 1 in the 
radial direction of the disk, and a focus actuator for 
moving the objective lens 5 along its optical axis. 
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The output signal of the pickup 3 is supplied to an 
l-V (current-voltage) amplifier 8 where the current 
signal is converted into a voltage signal, which is wa- 
veform-shaped in an RF equalizer 9 and then is sup- 
plied to a DSP (digital signal processor) 10. 

Now a description will be given on how the signal 
is processed in the DSP 10. 

First in a PLL asymmetry corrector 11, a binary 
signal is obtained with execution of asymmetry cor- 
rection, and successive clock pulses are generated 
by a PLL (phase-locked loop) structure in synchron- 
ism with the edge of the binary signal. Here, "asym- 
metry" signifies a state where the center of the eye 
pattern of the RF signal deviates from the center of 
the amplitude. 

Subsequently, EFM (eight-to-fourteen modula- 
tion) data are demodulated in an EFM demodulator 
12, whereby digital audio data and an error correc- 
tion-detection parity code are obtained, and simulta- 
neously the subcode recorded immediately after the 
frame sync signal is also demodulated. 

The subcode thus demodulated in the EFM de- 
modulator 12 is supplied via a subcode processor 13 
to an undermentioned controller 20. 

The data after the EFM demodulation are once 
stored in a RAM 14, and error correction is executed 
in an error corrector 1 5 on the basis of the error cor- 
rection-detection parity code. Then the error-correct- 
ed data are deinter leaved in a de inter leaver 16 so that 
the data are decoded from CIRC (cross interleave 
Reed-Solomon code). 

The data processed in the DSP 10 are once stor- 
ed in a bulk RAM 23 of a large capacity via a RAM con- 
trol signal processor 22. 

The data thus stored in the bulk RAM 23 are read 
out therefrom via the RAM control signal processor 
22 at a data rate equal to 1/4 of the rate for data re- 
production from the disk 1, i.e., at the normal output 
data rate in an ordinary CD player. And after being fil- 
tered through a digital filter 24, the data are converted 
into analog data in a D-A converter 25 and then are 
delivered as audio outputs of left (L) and right (R) 
channels. 

The bulk RAM 23 is used for preventing a sound 
skip by maintaining the continuity of the reproduced 
audio data when any track jump has occurred during 
a reproduction mode due to some external distur- 
bance such as shock. 

Occurrence of a track jump is detected by contin- 
uously monitoring the subcode in the controller 20 
and recognizing the discontinuity of a time code in- 
cluded in the subcode. 

More specifically, upon occurrence of a track 
jump during data reproduction, the data-reading light 
spot of the pickup 3 is returned to the position imme- 
diately before the track jump, and then the data repro- 
duction is resumed from that position while the audio 
data reproduced posterior to resumption of the repro- 



duction are linked to the audio data reproduced imme- 
diately before occurrence of the track jump and stored 
in the bulk memory 23. 

The ratio between the data writing rate in the bulk 

5 RAM 23 and the data reading rate therefrom is 4:1, 
i.e., the data are written at a 4-fold higher speed in 
comparison with the data reading speed, so that there 
soon occurs an overflow of the data in the bulk RAM 
23. It is therefore necessary to continuously monitor 

10 the data quantity stored in the bulk RAM 23. 

The operation of monitoring the data quantity in 
the bulk RAM 23 is performed in the RAM control sig- 
nal processor 22. 

More specifically, the RAM control signal proces- 

15 sor 22 recognizes the last address of the data written 
in the bulk RAM 23 as a definite address, and also 
recognizes the address of the read data as an ad- 
dress 0. 

And when the data quantity in the bulk RAM 23 

20 has exceeded a first preset value, the RAM control 
signal processor 22 determines an overflow of the 
bulk RAM 23 on the basis of the definite address and 
outputs an overflow signal (first control signal). 
Meanwhile, when the data quantity has become 

25 smaller than a second preset value which is lower 
than the first preset value, the RAM control signal 
processor 22 determines that the bulk RAM 23 is ap- 
proximately empty, and then outputs an empty signal 
(second control signal). Thus, the signal processor 22 

30 functions as a memory control means. 

The RAM control signal processor 22 continuous- 
ly feeds the recognized definite address to the con- 
troller 20 while supplying thereto an overflow signal 
or an empty signal. 

35 The controller 20 consists of a CPU and recog- 

nizes the def inite address, which is obtained from the 
RAM control signal processor 22, as a definite sub- 
code in correspondence to the subcode. 

The controller 20 further functions as a servo 

40 control means which, on the basis of the overflow sig- 
nal/empty signal supplied from the RAM control sig- 
nal processor 22, executes on/off control of a spindle 
servo signal processor (first servo means) 1 8 for con- 
trolling the rotation speed of the spindle motor 2, and 

45 also on/off control of an optical-unit servo signal proc- 
essor (second servo means) 26 for controlling the 
tracking, focus and sled servo system relative to the 
operation of the pickup 3. 

More specifically, the controller 20 turns off the 

so spindle servo signal processor 1 8 and the optical-unit 
servo signal processor 26 in response to an overflow 
signal outputted from the RAM control signal proces- 
sor 22, or turns on the spindle servo signal processor 
18 and the optical-unit servo signal processor 26 in 

55 response to an empty signal outputted from the RAM 
control signal processor 22. 

The operation of the above construction will now 
be described below with reference to Fig. 3 which 
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graphically shows the operating characteristics of the 
servo system. 

Upon start of reproduction, the controller 20 first 
turns on the signal processors 1 8 and 26 of the servo 
systems. In this embodiment, the rotation speed 
(spindle rotation rate) of the disk 1 is set to be higher 
four times in comparison with the normal speed in an 
ordinary CD player. 

When the disk 1 is rotated at a 4-fold speed after 
a buildup of the spindle servo system, the pickup 3 
starts its data reading operation, and the read data 
are once stored in the bulk RAM 23 after a predeter- 
mined signal process in the DSP 10. 

The data recorded on the disk 1 are composed of 
digital signals sampled at a frequency of 44.1 kHz and 
quantized with linear 16-bit strings. Therefore, when 
the rotation speed of the disk 1 is raised to be higher 
four times, the data reproduction rate from the disk 1 , 
i.e., the data write rate into the bulk RAM 23, is ex- 
pressed as 

(44.1 kHz x 2 (L,R) x 16) x 4 « 5.64 [Mbits/sec] 
Eq. (1) 

Assuming here that a 64-Mbit DRAM (or four 16- 
Mbit DRAMs) is employed as the bulk RAM 23, the 
above data write rate is calculated as 

64/5.64 * 11.34 [sec] Eq. (2) 

It follows that the bulk RAM 23 is filled with the 
stored data approximately in 11.34 seconds. 

The data quantity stored in the bulk RAM 23 is 
continuously monitored by the RAM control signal 
processor 22. 

The RAM control signal processor 22 monitors 
the data quantity in the bulk RAM 23 on the basis of 
the definite address and, upon excess of the stored 
data over a predetermined quantity (first preset val- 
ue), outputs an overflow signal to the controller 20. 

In response to the overflow signal, the controller 
20 turns off the spindle servo signal processor 1 8 and 
the optical-unit servo signal processor 26. 

In the off-state of each servo system, the opera- 
tion of reading the data from the disk 1 is not per- 
formed, and audio reproduction is performed on the 
basis of the data stored in the bulk RAM 23. 

Since the output data rate is 1/4 of the reproduc- 
tion data rate in this embodiment a time period of ap- 
proximately 45 (« 11.34 x 4) seconds is required for 
reading out the entire data at the normal speed from 
the bulk RAM 23 in the full storage state. 

As known, a time is required for a transition from 
the off-state of any servo system to the on-state 
thereof, and particularly for buildup of the spindle ser- 
vo system to its steady operation. Accordingly, if each 
servo system is so actuated after the bulk RAM 23 
has become completely empty, the reproduced sound 
is interrupted during such buildup time period needed 
until attainment of the steady operation. 

For this reason, a time period of, e.g., 8 seconds 
is taken into account in advance for attaining the com- 



pletely steady operating state of each servo system, 
and each servo system is turned on at the moment 
the data quantity (second preset value) correspond- 
ing to a read time period of 8 seconds or so is still left 

5 in the bulk RAM 23. 

More specifically, the RAM control signal proces- 
sor 22 monitors the stored data quantity in the bulk 
RAM 23 on the basis of the definite address and, 
when the data quantity has become smaller than the 

10 second preset value, the signal processor 22 judges 
that the bulk RAM 23 will be empty after a lapse of 8 
seconds, and then outputs an empty signal to the 
controller 20. 

In response to the empty signal, the controller 20 

15 turns on the spindle servo signal processor 18 and 
the optical-unit servo signal processor 26. 

Consequently, the entire servo systems inclusive 
of the spindle servo system are actuated to perform 
steady operations, thereby rotating the disk 1 at a 4- 

20 fold speed. Then the data-reading optical spot of the 
pickup 3 is displaced to the preceding last read posi- 
tion and resumes the data reading from that position. 
And the data thus read are stored in the bulk RAM 23 
after a predetermined signal process in the DSP 10. 

25 Thereafter the procedure described above is re- 

peatedly executed. 

As mentioned, the disk 1 is played at a 4-fold high 
speed and the reproduced data therefrom are once 
stored in the bulk RAM 23, while the data thus stored 

30 are successively read and outputted from the bulk 
RAM 23. And when the bulk RAM 23 has been filled 
with the stored data, the entire servo systems are 
turned off, but the data are continuously read and out- 
putted from the bulk RAM 23. Thereafter, when the 

35 bulk RAM has become substantially empty, the entire 
servo systems are turned on again, and the 4-fold 
speed reproduction is resumed from the link point on 
the disk 1. As such operational procedure is executed 
repeatedly, the spindle servo signal processor 1 8 and 

40 the optical-unit servo signal processor 26 are held in 
operation merely during 1/4 of the reproduction period 
but are kept at a halt during 3/4 thereof, hence reduc- 
ing the power consumption approximately to 1/4. 
In case a track jump is caused by some external 

45 disturbance such as shock during the time of storing 
the reproduced data into the bulk RAM 23, a data link- 
ing process is executed as in the prior art by first re- 
turning the data-reading light spot of the pickup 3 to 
the position immediately before occurrence of the 

so track jump and, while utilizing the data stored in the 
bulk RAM 23, linking the reproduced audio data, 
which are obtained after resumption of the reproduc- 
tion, to the audio data reproduced immediately before 
occurrence of the track jump. 

55 Due to the procedure mentioned above, it be- 

comes possible to maintain the continuity of the re- 
produced audio data to thereby prevent any sound 
skip, hence realizing a sufficient countermeasure 
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against shock and so forth. 

In a disk player equipped with an automatic disk 
changer, a disk is completely changeable if a time 
margin of 37 seconds (=45-8 seconds) or so is en- 
sured. 

Therefore, in an exemplary case of applying the 
above construction to a disk player equipped with an 
automatic disk changer, a disk changing operation 
may be performed during the off-time of the servo 
systems, whereby a plurality of disks are rendered 
playable continuously without any interruption of re- 
produced music. 

The embodiment described above represents 
merely an example of applying the present invention 
to a CD player. However, it is to be understood that the 
present invention is not limited to such an example 
alone, and the invention is similarly applicable to any 
of other disk players designed for data reproduction 
from MD, CD-ROM and so forth. 

According to the present invent ton, as mentioned 
hereinabove, a disk is played while being driven at a 
speed higher than the normal rotation speed, and the 
data reproduced therefrom are once stored in a bulk 
memory of a large capacity, while the stored data are 
read and outputted from the bulk memory at an ordi- 
nary output data rate. The data quantity stored in the 
bulk memory is continuously monitored and, when 
the bulk memory has been filled with the stored data, 
the entire servo systems are turned off. Thereafter, 
when the bulk memory has become substantially 
empty, the entire servo systems are turned on again, 
and the high speed reproduction is resumed from the 
link point on the disk. Consequently, in an exemplary 
case where 4-fold high speed reproduction is per- 
formed with use of a 64-Mbit memory, the on-state 
time of each servo system can be reduced approxi- 
mately to 1/4 or so to eventually reduce the power 
consumption. Accordingly, in the disk player of the 
present invention, low power consumption is ensured 
and the continuity of reproduced audio data can be 
maintained even at the occurrence of any track jump 
caused by shock or the like. Therefore, optimal appli- 
cation of the present invention is achievable particu- 
larly to a portable disk player or a car disk player 
where high shock-resisting performance is requisite 
and low power consumption needs to be realized due 
to a battery-driven structure thereof. 

Since the off-time of each servo system is setta- 
ble to a long period, when the present invention is ap- 
plied to a disk player equipped with an automatic disk 
changer, a disk changing operation can be performed 
during the off-time of the servo system, hence attain- 
ing another advantageous effect that a plurality of 
disks are continuously playable without interruption 
of reproduced music. 

Now 2nd and 3rd embodiments of the present in- 
vention will be described below. Many features of the 
respective apparatus according to the 2nd and 3rd 



embodiments are similar to those of the apparatus il- 
lustrated in Fig. 2 and so the reference numerals used 
in Fig. 2 have been used also in the following descrip- 
tion. 

5 Turning now to the 2nd embodiment of the inven- 

tion, the data processed through the DSP 10 shown 
in Fig. 2 are once stored in the bulk RAM 23 via the 
RAM control signal processor 22. 

The data thus stored in the bulk RAM 23 are read 

10 out therefrom via the RAM control signal processor 
22 and, after being filtered through the digital filter 24, 
the data are converted into analog form by the D-A 
converter 25 and then are delivered as audio outputs 
of left (L) and right (R) channels. 

15 The bulk RAM 23 is used for preventing a sound 

skip by maintaining the continuity of the reproduced 
audio data when any track jump has occurred during 
a reproduction mode due to some external distur- 
bance such as shock. 

20 More specifically, upon occurrence of a track 

jump during data reproduction, the data-reading light 
spot of the pickup 3 is returned, under control of the 
controller 20, to the position immediately before the 
track jump, and then the data reproduction is re- 

25 sumed from that position while the audio data repro- 
duced posterior to resumption of the reproduction are 
linked, under control of the RAM control signal proc- 
essor 22, to the audio data reproduced immediately 
before occurrence of the track jump and stored in the 

30 bulk memory 23. 

The DSP 1 0 includes a spindle servo signal proc- 
essor (rotation servo circuit) 18 for controlling the ro- 
tation of the spindle motor 2 on the basis of the phase 
difference between a reproduced clock signal and a 

35 reference clock signal. 

The optical-unit servo signal processor 26 func- 
tions to control the individual servo systems relative 
to the operations of the pickup 3, i.e., the tracking ser- 
vo system for enabling the data-reading light spot to 

40 follow the record track on the disk 1 , the focus servo 
system for continuously focusing the light spot on the 
signal plane of the disk 1, and the sled servo system 
for controlling the position of the pickup 3 in the radial 
direction of the disk. 

45 The spindle servo signal processor 1 8 rotates the 

spindle motor 2, which drives the disk 1, normally in 
a low speed mode but, upon occurrence of a track 
jump, switches the rotation to a high speed mode, and 
subsequently rotates the spindle motor 2 in the low 

so speed mode again after the bulk RAM 23 has been fil- 
led with the stored data in the high speed mode. 

It is defined here that the low speed mode signi- 
fies a driving mode to rotate the spindle motor 2 at a 
speed slightly higher than the regular rotation speed 

55 (1-fold speed) in an ordinary CD player, e.g., 1 .33-fold 
speed; and the high speed mode signifies a driving 
mode to rotate the spindle motor 2 at a further higher 
speed, e.g., 2-fold speed. 
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The action of switching the driving mode of the 
spindle motor 2 is performed in response to a mode 
switching signal obtained from the controller 20. 

The controller 20 continuously monitors the sub- 
code during data reproduction in the low-speed 
mode, and recognizes occurrence of a track jump by 
detecting the discontinuity of a time code included in 
the subcode, and outputs a high-level signal for 
switching the driving mode of the spindle motor 2 to 
the high speed mode. 

In this stage of the operation, the controller 20 
searches for the last subcode with respect to the con- 
tinuity, then returns the pickup 3 to the position im- 
mediately before occurrence of the track jump, and 
controls the pickup 3 to resume the data reproduction 
from that position while controlling the RAM control 
signal processor 22 in such a manner as to link the re- 
produced audio data thereto. 

The reason for selection of 2-fold speed repro- 
duction in the high speed mode will be described be- 
low. When a 4-Mbit memory for example is used as 
the bulk RAM 23, the rate of charging the the bulk 
RAM 23 with the data is equal to the difference be- 
tween the rate of writing the data in the bulk RAM 23 
and the rate of reading the data therefrom, i.e., (2-fold 
rate - 1-fold rate). 

Since the data recorded on the disk 1 are com- 
posed of digital signals sampled at a frequency of 
44.1 kHz and quantized with linear 16-bit strings, the 
time required for charging the bulk RAM 23 is ex- 
pressed as 

4,194,304 bits/(44.1 kHz x 2 (L,R) x 16) bits x 1 = 
2.97 [sec] Eq. (3) 
The above time of approximately three seconds 
indicates a period during which sound can be repro- 
duced without any interruption if no data ts repro- 
duced from the disk 1 due to occurrence of a track 
jump. This time period raises substantially no problem 
in practical use, and it is determined by the storage 
capacity of the bulk RAM 23 and the reproduction 
speed, i.e., reproduction data rate, in a high speed 
mode. 

When an overflow signal is outputted from the 
RAM control signal processor 22 during data repro- 
duction in the high speed mode, the controller 20 gen- 
erates a low level mode switching signal in response 
to such overflow signal so as to switch the driving 
mode of the spindle motor 2 to the low speed mode. 

As the rate of writing the data in the bulk RAM 23 
is higher than the rate of reading the data therefrom, 
the bulk RAM 23 is soon caused to overflow. It is 
therefore necessary to continuously monitor the data 
quantity stored in the bulk RAM 23. 

The operation of monitoring the data quantity in 
the bulk RAM 23 is performed in the RAM control sig- 
nal processor 22. 

More specifically, the RAM control signal proces- 
sor 22 recognizes the last address of the data written 



in the bulk RAM 23 as a definite address, and also 
recognizes the address of the read data as an ad- 
dress 0. The signal processor 22 monitors the data 
quantity on the basis of such definite address, and 

5 outputs an overflow signal when the data quantity 
has exceeded a preset value. 

The RAM control signal processor 22 continuous- 
ly feeds the recognized definite address to the con- 
troller 20 while supplying an overflow signal thereto. 

10 The controller 20 consists of a CPU and recog- 

nizes the definite address, which is obtained from the 
RAM control signal processor 22, as a definite sub- 
code in correspondence to the subcode. 

Fig. 4 is a block diagram of the spindle servo sig- 

15 nal processor (rotation servo circuit) 1 8 in the 2nd em- 
bodiment of the present invention. 

In this diagram, a signal of 16.9344 MHz (44.1 
kHz x 384) obtained from the clock generator 17 (see 
Fig. 2) is supplied as one input to an AND gate 31 

20 while being supplied also to a 2/3 frequency divider 

32, where a clock signal of 11 .2896 MHz is produced 
by frequency division, and then this clock signal is 
supplied as one input to an AND gate 33. 

A mode switching signal outputted from the con- 
25 trailer 20 (see Fig. 2) is supplied as another input to 
the AND gate 31 . Meanwhile this signal is inverted by 
an inverter 34 and then is supplied as another input 
to the AND gate 33. The output clock signals of the 
AND gates 31 and 33 are supplied to an OR gate 35, 
30 from which a reference clock signal is outputted. 

A gate circuit consisting of such AND gates 31, 

33, inverter 34 and OR gate 35 generates a reference 
clock signal of 1 6.9334 MHz when the mode switching 
signal is at a high level, or generates a reference clock 

35 signal of 11 .2896 MHz when the mode switching sig- 
nal is at a low level. 

The reference clock signal is supplied to a phase 
comparator 36. Then the phase comparator 36 com- 
pares the phase of the reproduced clock signal, which 

40 is in synchronism with the data reproduced from the 
disk 1 , with the phase of the reference clock signal to 
thereby detect the phase difference between the two 
clock signals and outputs a phase difference signal. 
This phase difference signal is supplied as a spindle 

45 error signal to a motor drive 39. 

In the spindle servo signal processor 18 having 
the above-described circuit configuration, the feature 
of the present invention resides in that the reference 
clock frequency can be adequately selected in accor- 

50 dance with the mode switching signal, and it is to be 
noted that the circuit for generating a spindle error sig- 
nal on the basis of the reference clock signal is not 
limited to the above configuration. 

If a high-level mode switching signal is outputted 

55 from the controller 20 upon occurrence of a track 
jump due to external disturbance such as shock dur- 
ing a 1 .33-fold low speed reproduction mode based 
on the reference clock signal of 11.2896 MHz, the 

8 
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spindle servo signal processor 18 switches the refer- 
ence clock frequency from 11.2896 MHz to 16.9334 
MHz, thereby changing the operation to a 2-fold high 
speed reproduction mode based on the reference 
clock signal of 1 6.9334 MHz. 5 

And during the aforementioned time period of 
three seconds, the procedure of linking the data and 
charging the bulk RAM 23 with the data are executed 
for maintaining the continuity of the reproduced audio 
data. 10 

Meanwhile, when the bulk RAM 23 has reached 
an overflow state, an overflow signal is outputted 
from the RAM control signal processor 22, and then 
a low-level mode switching signal is outputted from 
the controller 20 in response to such an overflow sig- 1 5 
nal. Subsequently the spindle servo signal processor 
18 switches the reference clock frequency from 
16.9334 MHz to 11.2896 MHz, thereby changing the 
operation to the 1.33-fold low speed reproduction 
mode based on the reference clock signal of 1 1 .2896 20 
MHz. 

The reason for setting the rate in the low-speed 
mode to 1.33-fold instead of 1-fold will now be descri- 
bed below. 

For the purpose of simplifying the circuit conf ig- 25 
uration, the spindle servo signal processor 18 is so 
formed as to switch merely the reference clock fre- 
quency. Therefore a time period of approximately one 
second or so is required until the whole system is 
completely locked after the driving mode is switched. 30 

And the data are read out successively from the 
bulk RAM 23 even during such a time period of one 
second, so that the data quantity corresponding to 
one second is rendered insufficient in the bulk RAM 
23. 35 

Consequently, when a 2-fold high speed mode is 
changed to a low speed mode after extinction of an 
external disturbance such as shock, the reproduction 
data rate and the output data rate are rendered equal 
to each other in 1-fold speed reproduction, whereby 40 
the insufficiency of the data corresponding to one 
second is not eliminated, and the data are kept insuf- 
ficient until the next 2-fold high speed reproduction. 
It follows therefore that, upon occurrence of a next ex- 
ternal disturbance, the bulk RAM 23 is charged with 45 
the data only for two seconds. 

However, in this embodiment where the data are 
reproduced at a 1 .33-fold speed, the bulk RAM 23 can 
be charged with the data gradually while a normal re- 
producing operation is performed. It is to be under- so 
stood that the data reproduction rate in the low speed 
mode is not limited to a 1.33-fold speed alone, and 
any rate slightly higher than a 1-fold speed may be se- 
lected as well. 

Fig. 5 is a block diagram representing a specific 55 
circuit configuration which may be used for the 2/3 
frequency divider shown in Fig. 4. 

In this block diagram, a clock signal of 16.9334 



MHz is inverted by an inverter 41 and is supplied as 
one input to an AND gate 42. The signal is further in- 
verted by another inverter 43 and then is supplied as 
one input to an AND gate 44 and also as a clock input 
to each of D flip-flops 45 and 46. 

A Q output of the D flip-flop 45 is supplied as a D 
(data) input to the D flip-flop 46 and also as one input 
to a NAND gate 47. Meanwhile a QN output (inverse 
of Q output) of the D flip-flop 45 is supplied as another 
input to the AND gate 42. 

AQ output of the D flip-flop 46 is supplied as a D 
input to a D flip-flop 48 and also as another input to 
the NAND gate 47. And an output of the NAND gate 
47 is supplied as a D input to the D flip-flop 45. 

AQN output of the D flip-flop 48 is supplied as an- 
other input to the AND gate 44. And respective out- 
puts of the AND gates 42 and 44 are supplied as two 
inputs to an OR gate 49. 

In the logic circuit of the above configuration, a 
clock signal of 11.2896 MHz, which is produced by 2/3 
frequency division of a clock signal of 16.9334 MHz, 
is obtained as an output of the OR gate 49. 

Although the embodiment mentioned above rep- 
resents an exemplary case of applying the present in- 
vention to a CD player, it is to be understood that the 
present invention is not limited to such an example 
alone and may be applied to any of other disk players 
designed for data reproduction from MD, CD-ROM 
and so forth. 

Thus, in the rotation servo circuit of the present 
invention for use in a shock-proof disk player employ- 
ing a bulk memory of a large capacity, there are pre- 
pared a high speed mode and a low speed mode for 
driving a disk, and the high speed mode is selected 
only at the occurrence of a track jump. Further, two 
clock signals of mutually different frequencies corre- 
sponding to the two driving modes are prepared as 
reference clock signals for speed control, and one of 
such clock signals of different frequencies is ade- 
quately selected to switch the driving mode, so that 
the structural requisite is merely to switch the fre- 
quency of the reference clock signal selectively, 
whereby the circuit configuration can be simplified to 
consequently lower the production cost of the disk 
player. 

Next a description will be given on a 3rd embodi- 
ment of the present invention. 

Fig. 6 is a block diagram of the spindle servo sig- 
nal processor (rotation servo circuit) 1 8 in the 3rd em- 
bodiment of the invention. 

As shown in this diagram, the spindle servo sig- 
nal processor 18 according to the invention compris- 
es a rough servo circuit (first servo circuit) 60 for pull- 
ing the rotation speed of the disk 1 approximately into 
its precision range, and a phase lock servo circuit 
(second servo circuit) 70 for executing a high- 
precision control action after the operation of the 
rough servo circuit 60. 
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In the rough servo circuit 60, a period measurer 
61 functions to measure the period of a frame-sync 
corresponding portion in an EFM signal reproduced 
from the disk 1, thereby detecting the minimum fre- 
quency signal 11T (T: fundamental unit length of pit) 
on the disk 1. 

The signal 11T thus obtained is passed through 
a peak hold circuit 62 and a bottom hold circuit 63, so 
that any signal component greater than 11T and gen- 
erated due to some flaw or the like is screened, 
whereby the original reproduced frame sync signal is 
detected. 

The reproduced frame sync signal is multiplied by 
G in an amplifier 64 and then is supplied via a change- 
over switch 27 to a spindle drive 28. 

The rotation speed of the spindle motor 2 is so 
controlled that the period of the reproduced frame 
sync signal is equalized to the reference time length 
of 2.544 usee (* 11/4.3218 x 10 6 ). 

As for the rough servo circuit 60, the construction 
disclosed in, e.g., Japanese Patent Publication No. 
Hei 1 (1989)-35419 may be used as well. 

Meanwhile the phase lock servo circuit 70 is 
formed into a secondary loop structure which con- 
sists of a phase loop for executing a phase locking 
control in accordance with the phase difference de- 
tected by a phase comparator 71 between a reference 
clock signal RFCK and a reproduced clock signal 
WFCK of a period ranging from one reproduced 
frame sync signal to another reproduced frame sync 
signal, and a speed loop for measuring the period of 
the reproduced clocksignal WFCK by means of a per- 
iod measurer 72 and controlling the measured period 
in such a manner as to equalize the frequency thereof 
to a reference frequency of 7.35 kHz. 

As for the phase lock servo circuit 70, the con- 
struction disclosed in, e.g., Japanese Patent Laid- 
open No. Hei 2 (1990)-101676 may be used as well. 

In the phase lock servo circuit 70, the output of 
the phase comparator 71 is multiplied by G P in an am- 
plifier 73, while the output of the period measurer 72 
is multiplied by G s in an amplifier 74. The respective 
outputs of the two amplifiers 73 and 74 are added to 
each other in an adder 75. whose output is then sup- 
plied via the changeover switch 27 to the spindle drive 
28, whereby the aforementioned control action is exe- 
cuted. 

The operation of switching the servo systems in 
the spindle servo signal processor 18 is performed by 
actuating the changeover switch 27 in response to a 
servo switching signal outputted from the controller 
20 (see Fig. 2). 

More specifically, first the switch 27 is changed 
to turn on the rough servo circuit 60; which then pulls 
the disk rotation speed approximately into its preci- 
sion range to thereby lock the PLL in the phase lock 
servo circuit 70, so that reproduction of the data from 
the disk 1 is rendered possible. 



Immediately after the PLL is locked, the switch 2 
is changed again to turn on the phase lock servo cir- 
cuit 70 while turning off the rough servo circuit 60, 
whereby the primary-loop rough servo system is 
5 switched to the secondary-loop phase lock servo sys- 
tem. 

In a seek mode, as described before, the pickup 
3 is displaced in the radial direction of the disk 1 after 
the phase lock servo system is switched to the rough 

10 servo system, and when the rotation speed of the disk 
1 has reached approximately its predetermined linear 
velocity with a displacement of the pickup 3 corre- 
sponding to a predetermined number of tracks, the 
phase lock servo system is turned on again and the 

15 subcode is read out from the disk 1 . Such a series of 
operations are repeatedly performed until the pickup 
3 has arrived at a desired target address position. 

As the pickup 3 is displaced in the radial direction 
of the disk 1 in the seek mode, the data-reading light 

20 spot traverses the record tracks (pit strings), so that 
a sinusoidal tracking error signal is generated during 
the traverse period shown in Fig. 7. And the number 
of tracks traversed by the data-reading light spot is 
counted on the basis of such a tracking signal. 

25 This embodiment is so contrived that, when the 

rough servo system is switched to the phase lock ser- 
vo system at the time of a seek, the gain GP of the 
amplifier 73 on the phase loop side is set to oo in re- 
sponse to a loop on/off signal outputted from the con- 

30 trailer 20 (see Fig. 2). 

Therefore, when the rough servo system is 
switched to the phase lock servo system in the seek 
mode, the phase lock servo system functions as a pri- 
mary loop structure where the phase loop is opened 

35 and only the speed loop is closed. 

In this manner, the phase loop of the phase lock 
servo system is opened at a transition from rough 
servo to phase lock servo, so that none of forcible 
phase pull-in action is executed. Consequently, as 

40 shown in Fig. 7, the rotation speed of the disk 1 is not 
disordered immediately after switching of the servo 
systems and is kept substantially stable. Thereafter 
the rotation speed of the disk 1 is controlled merely 
by the speed loop alone in the primary loop structure. 

45 In such a state under control of the phase lock 

servo system in the primary loop structure, the rota- 
tion speed of the disk 1 is maintained stable even if 
the phase is not locked, whereby no problem is raised 
in reading out the subcode. 

so As a result, at the time of a seek when the rough 

servo system and the phase lock servo system are 
switched alternately and repeatedly, the subcode can 
be read immediately after such switching, so that any 
waste of time in reading the subcode is eliminated to 

55 consequently realize wide reduction of the required 
seek time. 

However, in reproducing PCM audio data, proper 
deinterleave fails to be performed in the deinterleav- 

10 
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er 16 (see Fig. 2) if a phase-locked state is not en- 
sured. Therefore it is necessary in such a case to exe- 
cute speed control by a secondary loop structure 
where both of the phase and speed loops are closed 
in the phase servo lock system. 

The 3rd embodiment mentioned above repre- 
sents an exemplary case of applying the present in- 
vention to a CD player. However, it is to be understood 
that the present invention is not limited to such an ex- 
ample atone and may be applied to any of other disk 
players designed for data reproduction from MD, CD- 
ROM and so forth. 

Thus, in the rotation servo circuit of the present 
invention comprising a rough servo system and a 
phase lock servo system, the rough servo system 
pulls the phase approximately into its precision range 
and then is switched to the phase lock servo system 
which executes high precision control. And when the 
rough servo system is switched to the phase lock ser- 
vo system in a seek mode, only the speed loop of the 
phase lock servo system is closed so that this servo 
system functions as a primary loop structure. Conse- 
quently, although the phase is somewhat disordered 
at the time of switching the servo system, the disk ro- 
tation speed is kept stable and the subcode can be 
read from the disk, so that any waste of time in read- 
ing the subcode is eliminated to eventually achieve 
remarkable reduction of the required seek time. 

Accordingly, the rotation servo circuit of the pres- 
ent invention is optimal for a disk player which repro- 
duces data from a CD-ROM or the like where a fast 
seek is particularly necessary. 

Hereinafter a 4th embodiment of the present in- 
vention will be described in detail with reference to the 
accompanying drawing. 

Fig. 8 is a block diagram of the 4th embodiment 
representing a control system applied to, e.g., a 
shock-proof CD player. 

In this diagram, a disk (CD) 1 is driven by a spin- 
dle motor 2, and recorded data are read from the disk 
1 by an optical pickup (hereinafter referred to simply 
as pickup) 3. 

The pickup 3 comprises a laser diode 4; an objec- 
tive lens 5 for converging a laser beam, which is emit- 
ted from the laser diode 4, to form a data-reading light 
spot on the signal plane of the disk 1; a polarized 
beam splitter 6 for changing the travel direction of the 
laser beam reflected from the disk 1 ; and a photo de- 
tector 7 for receiving the reflected laser beam. The 
pickup 3 is displaced in the radial direction of the disk 
by a driving source such as a sled feed motor (not 
shown). 

The pickup 3 further comprises, although not 
shown, a tracking actuator for displacing the data- 
reading light spot to a record track on the disk 1 in the 
radial direction of the disk, and a focus actuator for 
moving the objective lens 5 along its optical axis. 

The output signal of the pickup 3 is supplied to an 
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l-V (current-voltage) amplifier 8 where the current 
signal is converted into a voltage signal, which is wa- 
veform-shaped in an RF equalizer 9 and then is sup- 
plied to a DSP (digital signal processor) 10. 

5 Now a description will be given on how the signal 

is processed in the DSP 10. 

First in a PLL asymmetry corrector 11 , a binary 
signal is obtained with execution of asymmetry cor- 
rection, and successive clock pulses are generated 

10 by a PLL (phase-locked loop) structure in synchron- 
ism with the edge of the binary signal. Here, "asym- 
metry" signifies a state where the center of the eye 
pattern of the RF signal deviates from the center of 
the amplitude. 

15 Subsequently, EFM (eight-to-fourteen modula- 

tion) data are demodulated in an EFM demodulator 
12, whereby digital audio data and an error correc- 
tion-detection parity code are obtained, and simulta- 
neously the subcode recorded immediately after the 

20 frame sync signal is also demodulated. 

The subcode thus demodulated in the EFM de- 
modulator 12 is supplied via a subcode processor 13 
to a controller 20 which consists of a CPU. 

The data after the EFM demodulation are once 

25 stored in a RAM 14, and error correction is executed 
in an error corrector 15 on the basis of the error cor- 
rection-detection parity code. Then the error-correct- 
ed data are deinterleaved in a deinterleaver 16 so 
that the data are decoded from CIRC (cross inter- 

30 leave Reed-Solomon code). 

The DSP 10 executes various signal processes 
on the basis of a system clock signal obtained from a 
clock generator 1 7. 

The data processed in the DSP 10 are once stor- 

35 ed in a bulk RAM 23 of a large capacity via a RAM 
control signal processor 22. 

The data thus stored in the bulk RAM 23 are read 
out therefrom via the RAM control signal processor 
22 at the normal output data rate in an ordinary CD 

40 player. And after being filtered through a digital filter 
24, the data are converted into analog data in a D-A 
converter 25 and then are delivered as audio outputs 
of left (L) and right (R) channels. 

The bulk RAM 23 is used for preventing a sound 

45 skip by maintaining the continuity of the reproduced 
audio data when any track jump has occurred during 
a reproduction mode due to some external distur- 
bance such as shock. 

Occurrence of a track jump is detected by the 

so controller 20. More specifically, the controller 20 al- 
ways monitors the subcode supplied from the sub- 
code processor 1 3, and detects occurrence of a track 
jump by recognizing the discontinuity of a time code 
included in the subcode. 

55 Upon occurrence of a track jump, the data- 

reading light spot of the pickup 3 is returned, under 
control of the controller 20, to the position immediate- 
ly before the track jump, and then the data reproduc- 

11 
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tion is resumed from that position. 

Furthermore, under control of the RAM control 
signal processor 22, the audio data reproduced pos- 
terior to resumption of the reproduction are linked to 
the audio data reproduced immediately before occur- 
rence of the trackjump and stored in the bulk memory 
23. 

The DSP 10 further comprises a spindle servo 
signal processor 18 which detects the speed differ- 
ence between the rotation speed of the disk 1 and a 
desired rotation speed thereof on the basis of a repro- 
duced frame sync signal obtained from the disk 1 and 
then outputs a servo error signal (speed control sig- 
nal) representing the detected speed difference. 

An optical-unit servo signal processor 26 is em- 
ployed for controlling each of servo systems relative 
to the operation of the pickup 3, i.e., a tracking servo 
system for enabling the data-reading light spot to fol- 
low the record track on the disk 1 , a focus servo sys- 
tem for continuously focusing the light spot on the sig- 
nal plane of the disk 1, and a sled servo system for 
controlling the position of the pickup 3 in the radial di- 
rection of the disk. 

The servo error signal from the spindle servo sig- 
nal processor 18 is supplied as a control signal to a 
VCO (voltage-controlled oscillator) 88 via an LPF (low 
pass filter) 87. And an oscillation output of the VCO 
88 is supplied as one input to a changeover switch 89. 

A fixed clock signal of, e.g., 16.9344 MHz (44.1 
kHz x 384) generated from a crystal oscillator 90 is 
supplied as another input to the changeover switch 
89, which is selectively changed under control of the 
controller 20. Therefore the switch 89 selects either 
the oscillation output of the VCO 88 or the fixed clock 
signal of 1 6.9344 MHz and then supplies the selected 
one to a clock generator 17. 

The clock generator 1 7 generates a system clock 
signal of a fixed frequency in response to the fixed 
clock signal supplied from the crystal oscillator 90, or 
generates a system clock signal of a frequency vari- 
able in accordance with the oscillation output of the 
VCO 88 supplied thereto. 

The oscillation output of the VCO 88 is inputted 
to a 1/M frequency divider 91 where the frequency is 
divided into 1/M. and the frequency-divided signal is 
supplied as one input to a phase comparator 92. 
Meanwhile the fixed clock signal obtained from the 
crystal oscillator 90 is inputted to a 1/N frequency div- 
ider 93 where the frequency is divided into 1/N, and 
the frequency-divided signal serving as a reference 
clock signal is supplied as another input to the phase 
comparator 92. 

Each of M and N is a variable and can be set to 
an adequate numerical value by the controller 20. 

The phase comparator 92 detects the phase dif- 
ference between the respective outputs of the 1/M 
frequency divider 91 and the 1/N frequency divider 
93, and produces a phase difference signal corre- 



sponding to the detected phase difference. 

The phase difference signal is supplied via an 
LPF 94 to a spindle driver 95 so as to serve as a driv- 
ing signal for the spindle motor 2. 

5 The fixed clock signal outputted from the crystal 

oscillator 90 is supplied to the RAM control signal 
processor 22, the digital filter 24 and the D-A conver- 
ter 25 so as to be used for signal processing therein. 
In the shock-proof CD player having the above- 

10 described construction, when the fixed clock signal 
from the crystal oscillator 90 is selected by the switch 
89, the frequency of the system clock signal is fixed 
at 16.9344 MHz. 

Meanwhile, when the frequency-divided output 

15 of the VCO 88 is selected by the switch 89, the system 
clock signal is so changed that the servo error signal 
outputted from the servo signal processor 18 be- 
comes zero. More specifically, even if the rotation 
speed of the disk 1 is relatively loose, the system 

20 clock signal is changed in compliance with the disk ro- 
tation speed. 

This signifies that the center frequency of the 
PLL in a PLL asymmetry corrector 11 is changed in 
compliance with the rotation speed of the disk 1, 

25 whereby the phase is lockable to any varied rotation 
speed in a wide range. 

In other words, differing from the conventional 
data reproducing circuit where the system clock fre- 
quency is fixed and the spindle servo system so f uno 

30 tions as to equalize the rotation speed of the disk 1 
to a preset reference speed, the construction of the 
present invention mentioned above is contrived to 
execute a spindle servo control action in such a man- 
ner that the data reproducing circuit follows any rota- 

35 tion speed. 

In a state where the oscillation output of the VCO 
88 is selected by the switch 89, the play speed of the 
disk 1 is settable to a desired rate by properly select- 
ing adequate numerical values of M and N in the 1/M 

40 frequency divider 91 and the 1/N frequency divider 93 
respectively. 

When M = N for example, the output frequency of 
the 1/M frequency divider 91 and that of the 1/N fre- 
quency divider 93 are equal to each other, so that the 

45 data reproduction is performed approximately at a 1- 
fold speed. 

Regarding the oscillation output frequency Fa of 
the VCO 88 and the fixed clock frequency Fb of the 
crystal oscillator 90, there exists the following rela- 
so tionship. 

Fa = (M/N) Fb Eq. (4) 
When M/N = 2, the oscillation output frequency 
Fa of the VCO 88 is twice the fixed clock frequency 
Fb of the crystal oscillator 90, so that the data repro- 
55 duction is performed at a 2-fold speed. 

Since required control of the rotation speed of the 
disk 1 may be relatively rough as described before, in 
case the rotation speed of the disk 1 is changed within 

12 
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a certain range that the VCO 88 can follow, it is pos- 
sible to execute proper RF demodulation continuous- 
ly. For this purpose, the numerical values of M and N 
in the 1/M frequency divider 91 and the 1/N frequency 
divider 93 may be continuously changed by the con- 
troller 20. 

Normally the numerical values of M and N in the 
1/M frequency divider 91 and the 1/N frequency div- 
ider 93 are set as M = N by the controller 20 to thereby 
select 1-fold speed play. And upon occurrence of a 
track jump due to an external disturbance such as 
shock, the numerical values are changed as M/N = 2 
to select 2-fold high speed play. 

More specifically, the subcode is always moni- 
tored during 1-fold speed play, and occurrence of a 
track jump is recognized in response to detection of 
the discontinuity of a time code included in the sub- 
code, whereby the operation is switched to 2-fold 
speed play immediately. It is to be noted here that the 
reproduction rate in a high speed play mode is not lim- 
ited to a 2-fold speed alone. 

Upon occurrence of a track jump, the controller 
20 executes its control action for first searching the 
last subcode with respect to the continuity, then re- 
turning the pickup 3 to the position immediately be- 
fore the track jump, and resuming the data reproduc- 
tion from that position, while further controlling the 
RAM control signal processor 22 to link the repro- 
duced audio data to that position. 

The reason for selection of 2-fold speed play 
upon occurrence of a track jump will now be descri- 
bed below. 

When a 4-Mbit memory for example is used as 
the bulk RAM 23, the rate of charging the bulk RAM 
23 with the data is equal to the difference between 
the rate of writing the data in the bulk RAM 23 and the 
rate of reading the data therefrom, i.e., (2-fold rate - 
1-fold rate). 

Since the data recorded on the disk 1 are com- 
posed of digital signals sampled at a frequency of 
44.1 kHz and quantized with linear 16-bit strings, a 
time of approximately three seconds is required for 
charging the bulk RAM 23 as follows: 
4,194.304 bits/(44.1 kHz x 2 (L,H) x 16) bits x 1 = 
2.97 [sec] Eq. (5) 

The above time of approximately three seconds 
indicates a period during which sound can be repro- 
duced without any interruption if no data is repro- 
duced from the disk 1 due to occurrence of a track 
jump. This time period raises substantially no problem 
in practical use, and it is determined by the storage 
capacity of the bulk RAM 23 and the play speed (2- 
fold speed in this embodiment), i.e., reproduction data 
rate in a high speed mode. 

And during such a period of three seconds, there 
are executed a linking process for maintaining the 
continuity of the reproduced audio data and an oper- 
ation of charging the bulk RAM 23 with the data. 



If an overflow signal is outputted from the RAM 
control signal processor 22 during data reproduction 
in a 2-fold speed play mode, the controller 20 
switches the reproduction to a 1 -fold speed play mode 

5 in response to the overflow signal. 

When the data reproduction is performed in a 2- 
fold speed play mode, the rate of writing the data into 
the bulk RAM 23 is higher than the rate of reading out 
the data therefrom, so that the bulk RAM 23 is soon 

10 caused to overflow. It is therefore necessary to al- 
ways monitor the data quantity stored in the bulk RAM 
23. 

The operation of monitoring the data quantity in 
the bulk RAM 23 is performed in the RAM control sig- 
15 nal processor 22. 

More specifically, the RAM control signal proces- 
sor 22 recognizes the last address of the data written 
in the bulk RAM 23 as a definite address, and also 
recognizes the address of the read data as an ad- 
20 dress 0, and then feeds the recognized definite ad- 
dress to the controller 20. 

Further the RAM control signal processor 22 
monitors the data quantity on the basis of such defi- 
nite address, and supplies an overflow signal to the 
25 controller 20 when the data quantity has exceeded a 
preset value. 

The controller 20 recognizes the definite ad- 
dress, which is obtained from the RAM control signal 
processor 22, as a definite subcode in correspon- 
30 dence to the subcode. 

When the data reproduction is switched from a 1- 
fold speed play mode to a 2-fold speed play mode or 
vice versa, the controller 20 selects the fixed clock 
signal of the crystal oscillator 90 by changing the 
35 switch 89 upon arrival of the rotation speed of the disk 
1 at the desired preset speed. 

Consequently, there is attained a synchronism 
with the signal of the D-A converter 25, hence deliv- 
ering a satisfactory audio output without wow or f lut- 
40 ter. 

In an ordinary CD player, an acceleration voltage 
or a deceleration voltage is applied from the spindle 
driver 95 to the spindle motor 2 for controlling the ro- 
tation speed of the disk 1 to keep the same at the de- 

45 sired preset speed. And when the rotation speed of 
the disk 1 has reached approximately the preset 
speed, predetermined voltage is applied to achieve a 
locked state. 

It is defined here that the acceleration voltage is 

so positive to the above predetermined voltage, while 
the deceleration voltage is negative to the above pre- 
determined voltage. 

However, in the shock-proof CD player of the 
present invention, rough control is sufficient for the 

55 spindle servo system as mentioned, so that it be- 
comes possible to widely cut the deceleration compo- 
nent of the phase comparator 92 by the spindle driver 
95 and to apply the predetermined voltage at the time 
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of deceleration. 

Due to such a contrivance, the energy consump- 
tion in driving the spindle motor 2 can be suppressed 
by an amount corresponding to the cut deceleration 
component whereby the power consumption of the 
CD player can be eventually reduced. 

Although the 4th embodiment described above 
represents an exemplary application to a shock-proof 
CD player, the present invention is effectively appli- 
cable to an ordinary CD player as well for the purpose 
of reading the data even when the rotation speed of 
the disk 1 is unstable, hence realizing fast access. 

It is also to be understood that, in addition to the 
above example applied to a CD player, the present in- 
vention can be appropriately applied to any other disk 
player designed for reproduction of data from MD, 
CD-ROM or the like. 

According to the present invention, as mentioned 
hereinabove, the output frequency of the VCO (oscil- 
lator means) is controlled in response to a speed con- 
trol signal for a disk, while the oscillator output is sup- 
plied as a system clock signal to the signal processor, 
and the disk rotation speed is controlled in accor- 
dance with the phase difference between the oscilla- 
tor output and the reference clock signal, whereby the 
system clock signal is so changed that the speed con- 
trol signal becomes zero. Therefore, when the play 
mode is switched from a 1-fold speed to a 2-fold 
speed or vice versa, the spindle servo system can be 
locked even during a transition period of the rotation 
speed, whereby the data can be read out properly 
from the disk even during such a period. 

Consequently, in a shock-proof disk player, its 
play mode is switched to a 2-fold speed only upon oc- 
currence of a track jump caused by some external dis- 
turbance such as shock, and a fast operation of 
charging the bulk memory with the reproduced data 
is performed immediately, but a normal 1-fold speed 
is selected at any other time, so that the power con- 
sumption in the disk player is widely reducible, and 
the continuity of the reproduced data can be main- 
tained exactly despite occurrence of any track jump. 

Furthermore, the spindle servo system is kept 
free from an unlocked state, and the reproduced data 
can be stored in the bulk memory even during the 
transition period of the rotation speed. Therefore it is 
not necessary to employ a particular bulk memory of 
an extraordinarily great storage capacity, and a low- 
cost memory is sufficient to meet the requirements to 
eventually realize curtailment in the production cost 
of the shock-proof disk player. 

In the present invention where the oscillation out- 
put of the VCO and the reference clock signal are fre- 
quency-divided respectively at variable ratios, the 
disk rotation speed is controlled on the basis of the 
phase difference between the frequency-divided out- 
puts, so that the data reproduction speed can be set 
to any of 1-fold, 2-fold and higher speeds by ade- 



quately selecting proper frequency-division ratios. 

Also in the present invention where a selector 
means is provided for selecting either the oscillation 
output of the VCO or the reference clock signal, first 

5 the output of the VCO is selected for rough control of 
the disk rotation speed, and subsequently the refer- 
ence clock signal is selected after arrival of the disk 
rotation speed at a desired preset velocity, whereby 
a synchronism is attained with the signal of the D-A 

10 converter to thereby deliver a satisfactory audio out- 
put without wow or flutter. 

Various embodiments of the present invention 
have been described individually. However, it will be 
understood that elements of the different embodi- 

15 ments may be combined in order to produce appara- 
tus having the advantageous features of a plurality of 
the embodiments. Thus, for example, a rotation servo 
circuit can be built combining the features of Fig. 4 
and Fig. 6 - such a circuit ensures smooth operation 

20 during a change-over in data reproduction speed on 
detection of track jump and provides a fast "seek" op- 
eration. As a further example, the rotation servo cir- 
cuits of Figs. 4 and 6 (or their combination) may be 
used in the disc player of Fig. 8. 

25 

Claims 

1. A disk player having a first servo means (18) for 
30 controlling the rotation speed of a disk (1) and a 

second servo means (26) for controlling the op- 
eration of an optical pickup (3) which reads re- 
corded data from the disk (1), wherein the data 
are read from the disk at a first data rate and then 
35 are stored in a bulk memory (23) of a large ca- 

pacity, while the stored data are read out from 
said bulk memory at a second data rate lower 
than said first data rate, said disk player further 
comprising: 

40 a memory control means (22) for monitor- 

ing the data quantity stored in said bulk memory 
(23) and outputting a first control signal when the 
data quantity has exceeded a first preset value, 
or outputting a second control signal when the 

45 data quantity has become smaller than a second 

preset value lower than said first preset value; 
and 

a servo control means (20) for turning off 
said first and second servo means (18, 26) in re- 
50 sponse to said first control signal, or turning on 

said first and second servo means (18, 26) in re- 
sponse to said second control signal. 

2. A rotation servo circuit (1 8) for use in a disk player 
55 having a bulk memory (23) of a large capacity for 

storing the data read from a disk (1 ), and a mem- 
ory control means (22) for monitoring the data 
quantity stored in said bulk memory (23) and out- 
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putting an overflow signal when the data quantity 
has exceeded a preset value, said rotation servo 
circuit (18) functioning to control the rotation 
speed of the disk (1) in such a manner that the 
disk is driven normally in a low speed mode but 5 
is driven in a high speed mode upon occurrence 
of a track jump, and thereafter the disk (1) is driv- 
en in the low speed mode again when said over- 
flow signal is outputted, said rotation servo circuit 
(18) comprising: 10 

a clock generator means (17) for generat- 
ing a first clock signal of a predetermined fre- 
quency; 

a frequency divider means (32) for output- 
ting a second clock signal by dividing the fre- 15 
quency of said first clock signal at a predeter- 
mined fixed ratio; and 

a gate means (31, 33-35) for selectively 
outputting said second clock signal in the low 
speed mode or said first clock signal in the high 20 
speed mode; 

wherein the operation of driving the disk 
(1) is controlled on the basis of the clock signal 
outputted from said gate means (31, 33-35). 

25 

3. Arotation servo circuit (1 8) for use in a disk player 
having a first servo circuit (60) for detecting the 
speed difference between the rotation speed of 
a disk (1 ) and a reference speed thereof and then 
controlling the rotation of the disk (1) in accor- 30 
dance with the detected speed difference, and a 
second servo circuit (70) of a secondary loop 
structure which consists of a phase loop (71 , 73) 
for detecting the phase difference between a re- 
produced sync signal (WFCK) obtained from the 35 
disk (1) and a reference sync signal (RFCK) and 
then controlling the rotation of the disk in accor- 
dance with the detected phase difference, and a 
speed loop (72, 74) for measuring the period of 
the reproduced sync signal (WFCK) and control- 40 
ling the rotation of the disk on the basis of the 
measured period, wherein the rotation control by 
said second servo circuit (70) is executed poster- 
ior to completion of the rotation control by said 
first servo circuit (60), and at the time of reading 45 
the recorded data from the disk (1) by an optical 
pickup (3), both of said phase loop and said 
speed loop are closed to execute the rotation 
control; 

wherein, at the time of a seek, said optical so 
pickup (3) is displaced in the radial direction of the 
disk (1) in a state where said second servo circuit 
(70) is turned off while said first servo circuit (60) 
is turned on, and after a certain displacement of 
said optical pickup (3) corresponding to a prede- 55 
termined number of tracks, the position data are 
read from the disk in a state where said first servo 
circuit (60) is turned off while only the speed loop 



(72, 74) of said second servo circuit (70) is 
closed, and a series of such operations are re- 
peatedly executed until arrival of said optical 
pickup (3) at its desired target position. 

4. A disk player comprising: 

a signal processor means (1 0) for process- 
ing a reproduced signal obtained from a disk (1), 
then detecting the phase difference between the 
rotation speed of the disk and a desired rotation 
speed thereof, and outputting a speed control 
signal corresponding to the detected speed dif- 
ference; 

an oscillator means (88) for supplying an 
oscillation output as a system clock signal to said 
signal processor means (10), wherein the fre- 
quency (Fa) of said oscillation output is varied in 
accordance with said speed control signal; and 

a speed control means (91-93) for detect- 
ing the phase difference between said oscillation 
output and a reference clock signal, and control- 
ling the rotation speed of the disk (1) in accor- 
dance with the detected phase difference. 

5. The disk player according to claim 4, wherein said 
speed control means comprises a first frequency 
divider means (91 ) for dividing the frequency (Fa) 
of said oscillation output at a variable ratio (M); a 
second frequency divider means (93) for dividing 
the frequency (Fb) of said reference clock signals 
at a variable ratio (N); and a phase comparator 
means (92) for detecting the phase difference be- 
tween the respective outputs of said first and 
second frequency divider means (91 , 93) by com- 
paring the phases of such two outputs with each 
other. 

6. The disk player according to claim 4 or 5, further 
having a selector means (89) for selecting either 
said oscillation output or said reference clock sig- 
nal and supplying the selected one as a system 
clock signal to said signal processor means (10). 
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buffer, and the servo system is controlled as the 
data are read out from the memory while the 
data quantity stored and left therein is detected, 
so that a reduction of the power consumption 
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